. This could be the result of either a trivial primer tube labeling error or a sequence clustering error in which two separate genes were erroneously assigned to the same UniGene entry. 33 . Typing errors in a framework marker would allow a close EST to map with significant lod scores (logarithm of the odds ratio for linkage) to a correct chromosome location but would tend to localize the marker in a distant bin, in order to minimize "doublebreaks" caused by the erroneous typings of the framework marker. 34. J. M. Craig and W. A. Bickmore, Bioessays 15, 349 (1993). 35 . V. Romano et al., Cytogenet. Cell Genet. 48, 148 (1988 Schizosaccharomyces pombe indicate that the density of protein-encoding genes is approximately one per 2.3 kb (23). The difference between these two yeast genomes can be ascribed to the paucity of introns in S. cerevisiae. In the fission yeast, approximately 40% of genes contain introns (21) , whereas only 4% of protein-encoding genes in S. cerevisiae are similarly interrupted (Table 2). The Saccharomyces genes that do contain introns [notably, those encoding ribosomal proteins (24) ] usually have only one small intron close to the start of the coding sequence (often interrupting the initiator codon) (25) . It has even been suggested (26) that many yeast genes represent cDNA copies that have been generated by the action of reverse transcriptases specified by retrotransposons (Ty elements).
The chromosomes. A complete genome sequence provides more information than the sum of all the genes (or ORFs) that it contains. In particular, it permits an investigation of the higher order organization of the S. cerevisiae genome. An example is the long-range variation in base composition. Many yeast chromosomes consist of alternating large domains of GC-rich and GC-poor DNA (21, 27) , generally correlating with the variation in gene density along these chromosomes. In the case of chromosome III, it has been demonstrated that the periodicity in base composition is paralleled by a variation in recombination frequency along the chromosome arms, with the GC-rich peaks coinciding with regions of high recombination in the middle of each arm of the chromosome and AT-rich troughs coinciding with the recombination-poor centromeric and telomeric sequences. Simchen and co-workers (28) have demonstrated that the relative incidence of double-strand breaks, which are thought to initiate genetic recombination in yeast (29) , correlates directly with the GC-rich regions of this chromosome.
The four smallest chromosomes (I, III, VI, and IX) exhibit average recombination frequencies some 1 .3 to to 1.8 times greater than the average for the genome as a whole. Kaback (30) Table 2 ). MEL genes is that they are only found associated with one telomere of a chromosome and not both (36) . This raises the intriguing possibility that yeast chromosomes might have an intrinsic polarity beyond our arbitrary labeling of left and right arms.
The left telomere of chromosome III has some special characteristics. Like all yeast telomeres, it contains a repeated sequence element called X (37, 38) . It also contains a pseudo-X element at an internal site about 4 kb from the true X, and Voytas and Boeke (39) tRNA genes (n) 2 Our ability to imagine these conditions and recreate them in the laboratory is severely compromised by our lack of knowledge of the ecology or natural history of S. cerevisiae. Indeed, only very recently has it been clearly established that S. cerevisiae is found on the surface of the grapes used to make wine (71 In all of this, a common approach is emerging for the deletion of individual genes by a polymerase chain reaction (PCR)-mediated gene replacement technique (18, 19) . This approach, which relies on the great efficiency and accuracy of mitotic recombination in S. cerevisiae, results in the precise deletion of the entire gene and is economical enough to enable producton of the complete set of 6000 singledeletion mutants. This would be a major resource for the scientific community, not only for the functional analysis of the yeast genome itself but also in permitting "functional mapping" of the genomes of higher organisms onto that of yeast. Because of the redundancy problem, and to enable the study of gene interactions, it will also be necessary to construct multiply deleted strains; easy methods to achieve this are already in hand (73, 74 among the small sequencers as, month by month, they watched the data accumulate exponentially toward completion of the genome. The general feeling amonong the network's participants was that their membership conferred considerable benefits on themselves and on the scientific comtnunity as whole.
Whether they worked in large centers or small laboratories, most of the 600 or so scientists involved in sequencing the yeast genome share the feeling that the worldwide ties created by this venture are of inestimable value to the future of yeast research. In Europe especially, a corporate spirit has been engendered that will permit the sharing of data and ideas that will be required to meet the challenge of deciphering the functions and interactions of the novel genes. Nevertheless, it is doubtful that in the future genome sequencing will continue to involve many small laboratories. Increasingly, large-scale sequencing will become the province of the sequencing centers, with the small laboratories being enlisted to sort out problem regions where their specialist knowledge of the organism involved may be of assistance. Enthusiasm, determination, and cooperation (forces that are indispensable under pioneering circumstances) drove this enterprise; we expect these forces will continue to propel us through the next phase of the project.
